ABSTRACT -We analyzed computerized tomography (CT) findings in six patients with Fahr's syndrome. They presented calcifications in basal ganglia, dentate nucleus, subcortical region and semioval center, due to alteration in calcium metabolism or due to senile relative hypoxemic state. The image pattern was not strictly related with etiology, although some differences in dystrophic senile calcifications (the only one present in semioval center and absent in subcortical region). CT is an easy exam, has maximum sensitivity and allows diagnosis, contributing to early treatment of many etiologies of Fahr's syndrome.
Fahr's disease refers to idiopathic calcification of the basal ganglia. This condition has been known since 1800s, many years before Fahr's description, in 1930, of a man with seizures and diffuse calcifications of the brain vessels and basal ganglia possibly due to hypoparathyroidism 1 . So, Fahr's disease might be considered a misnomer 2 , because Fahr's report was not the first one and does not describe idiopathic calcifications. Although this, the more general term Fahr's syndrome has been applied until today to describe a variety of pathological situations of many etiologies, that occur with basal ganglia calcification (BGC) without specific characterization by neuroradiology.
Clinical features are important because BGC may be viewed as an incidental finding. Headache, vertigo, movement disorders, paresis, stroke like events, cognitive impairment, psychiatric disorders, pyramidal signals and seizures are the most common manifestations [3] [4] [5] [6] . Additionally, it has been stated that "pathological calcifications" exist when regions other than globus pallidus are involved 7 .
This study was carried out to correlate pathological BGC, dentate nucleus and subcortical calcifications on computerized tomography (CT) with disease that caused them and to attempt to define systemic metabolic mechanisms of calcification formation.
METHOD
We selected and analyzed CT images of six patients with BGC and dentate nucleus, subcortical region and semioval center calcifications, performed with 2.5 mm slice in skull base and 5 mm slice in cerebrum. Table 1 summarizes clinical and radiological aspects of the six patients. One patient (with 65 years old) did not present calcium serum alterations neither other associated disease. So, pathologic calcifications were attributed to senility. The five other patients presented disturbances in calcium metabolism (correlated with primary hypoparathyroidism in two, AIDS in two, and panhypoptuita-rism secondary to Shehan's syndrome in one). The symptoms were variable as motor deficits, seizures, comportment disturbances, headache and others. All patients presented calcifications in globus pallidus, five (with calcium disturbances) in caudate, lentiform nucleus and subcortical region, two in dentate nucleus, one (with senile dystrophic calcifications) in semioval center, and one (with hypoparathyroidism) in thalamus (Fig 1) .
RESULTS

DISCUSSION
We present patients with pathological BGC, dentate nucleus and white matter calcifications of distinct etiologies and clinical features. This kind of abnormality is related with many etiologies that can be classified as inflammatory (CMV infection, neurocysticercosis, toxoplasmosis, neurobrucellosis, tuberculosis, HIV infection), tumoral (astrocytomas), hypoxic and vascular (arteriovenous malformations calcified infarct, ischemic encephalophaty), endocrine (hypoparathyroidsm, pseuso and pseudohypoparathyroidism, hyperparathyroidism), toxic (CO and Pb intoxication, hypervitaminosis D, radiotherapy), metabolic and degenerative (senility, mithocondrial encephalopaties, leukodistrophic diseases, idiopathic familial, motor neuron disease, myotonic muscular dystrophy, carbonic anidrase deficit, biopterin deficit) and other (malabsorption, Down syndrome, lupus, tuberous sclerosis, arthrogriposis) [8] [9] [10] [11] [12] [13] .
Except by familial cause, with unknown mechanism, genetically determined, all other causes appear to result of calcium deposits by serum abnormalities (with a change in vascular permeability related to local calcium concentration) 14 or of dystrophic calcifications, with physical abnormalities in small vessel, focal circulatory disabilities and metabolic disorders (hypoxia, hypoglycemia, and abnormalities in the acid-base balance or electrolytes) 15 . Reduced blood flow to calcified regions is confirmed in SPECT of the brain with 99m Tc-hexamethhylpropilenamine ( 99m Tc-HMPAO) 16 .
We report patients with pathological calcifications attributed to different etiologies: dystrophic (probable senile in one patient) and secondary to abnormal calcium metabolism (in two patients with hypoparathyroidsm). Both etiologies might be associated in patients with AIDS (because abnormal calcium levels are commonly associated with the disease 17 and because they presented hypoxic episodes caused by pulmonary disease) and in the patient with panhypopitutarism (secondary to abnormal calcium levels and hypoglicemic crisis). The only difference noted in the calcifications pattern was their absence in subcortical region and basal nucleus and their presence in semioval center, in the patient with senile calcifications. Moreover, the patient with senile calcifications presented seizures and headache. Usually, the dystrophic form is silent or occur with extrapyramidal symptoms 18 . Since no associated disease was identified as responsible by these clinical features, in agreement with previous studies 7 we suppose that dystrophic calcifications in other places than globus pallidus (for example, dentate nucleus and semioval center as occurs in this patient), are related to other symptoms in adults (particularly to psychiatric disorders) [19] [20] [21] .
Because it involves many etiologies, it is difficult attribute neurological deficits as cause or consequence of Fahr's syndrome. Classical and recent anatomical studies about the role of basal ganglia in movement coordination 22 , subcortical region in cognitive association and mood determination, and hypoxia in epileptic activity 23 , points to correlation between clinical features and calcifications site and consequently hypoperfused area 7, 10 . in bones. Other elements include zinc, iron and magnesium 24 . Because this material composition, they are always hyperdense on CT. On magnetic resonance imaging (MRI), however, their signal is variable. On T1 weighted images, low signal is due to the low proton density of calcium and other mineral ions present in higher concentration. However, they might present hyperintense signal, due to proteins and mucopolysaccharides binding the mineral ions. They might also to be undetected on MRI when are in a intermediary stage 25 .
Recognition of the intracranial calcifications in
In conclusion, Fahr's syndrome is manytimes a treatable entity. Etiology is not directly correlated with image calcification pattern, except for some differences noticed in calcifications site in dystrophic senile ones. Topographic image studies are promising to predict neurological deficits. Their recognition by CT is easy, has maximum sensitivity and may be responsible by early treatment. 
